This study was undertaken to measure the passive smoking exposure of prisoners at three correctional facilities in the US and to evaluate the effectiveness of a ban on smoking in reducing these exposures at two of these facilities. The average weekly concentration of nicotine was measured in fixed locations within the correctional facilities using passive samplers. Samples were collected before and after a smoking ban was instituted, and after the policy was modified to allow smoking outdoors. Samples were collected in the living areas, near where inmates slept and watched TV, and in selected central facilities, including dining halls, visiting rooms, booking areas, and learning centers. Average weekly concentrations of nicotine were measured in 84 locations while smoking was allowed; changes in these concentrations were measured with 112 weekly samples 4 and 9 months after the policy restricting smoking was implemented The average concentrations of nicotine were high while smoking was allowed: most living and sleeping areas averaged 3-11 mg/m 3 , but the gym that was used as a bunkroom averaged 25 mg/m 3 ; these values compare to an average of 2 mg/m 3 in the homes of smokers. The smoking ban significantly reduced nicotine concentrations in the living areas (Po0.01 at facility A and Po0.05 at facility B) to averages of 1.5-2.2 mg/m 3 ; all postban samples were less than 5 mg/m 3 . In conclusion, secondhand smoke concentrations in correctional facilities can be quite high; however, policies banning smoking are effective in reducing, but not eliminating, these exposures.
Introduction
Over the past decade, there have been noteworthy reductions in the levels of secondhand smoke (SHS) exposure at work and in public places. For example, in 1986, only 36% of US worksites had policies limiting smoking, while recent estimates indicate that approximately 85% of worksites have at least some restrictions on smoking (Bureau of National Affairs, Inc., 1987) ; from 1993 to 1999 the percent of US workers who work where smoking is banned rose from 46 to 69% (Shopland et al., 2001) . Although restrictive smoking policies were once considered controversial, today a majority of smokers and nonsmokers alike support smoking restrictions (Poland et al., 2000) .
However, despite the substantial progress in limiting public exposure to SHS, subsections of society continue to experience appreciable involuntary exposure to SHS. Little attention has been directed to the SHS exposures of those who reside in long-term care facilities, such as nursing homes, psychiatric facilities, inpatient drug and alcohol rehabilitation centers, and prisons. This paper reports the results of a study of SHS concentrations in three different correctional facilities.
Following the Joint Commission on Accreditation of Healthcare Organization's decision to require hospitals to be smoke-free as a condition of accreditation (JCAHO, 1991) , pressure has been mounting on US agencies that administer other residential facilities to consider smoking restrictions. Both the American Jail Association and the American Correctional Association have adopted resolutions supporting nonsmoking policies in prisons and jails; however, these are recommendations rather than mandates (Vaughn and Del Carmen, 1993b) . The potential impact of smoking restrictions in correctional facilities is considerable, given that these restrictions could affect approximately 10 million inmates in the US. Further, the rate of smoking among inmates in the US is high, averaging 62% (Vaughn and Del Carmen, 1993b) , which may lead to very high SHS levels. This may be particularly true as overcrowding places an additional burden on existing ventilation systems, and as prison officials respond to overcrowding by placing inmates in areas not originally designed for housing.
SHS is recognized as a carcinogen by all independent scientific organizations that have examined the evidence (National Research Council, 1986; U.S. Surgeon General, 1986; U.S. Environmental Protection Agency, 1992; California Environmental Protection Agency, 1997; International Agency for Research on Cancer, 2002) . SHS is responsible for approximately 3000 lung cancer deaths and 30,000-50,000 heart disease deaths a year among nonsmokers in the US (Wells, 1988; Glantz and Parmley, 1991; Steenland, 1992; Kawachi et al., 1997; He et al., 1999; National Cancer Institute, 1999) . In addition, SHS may cause and/or exacerbate other lung diseases (e.g., bronchitis, asthma), other forms of cancer, coronary heart disease, and stroke (Bonita et al., 1999; National Cancer Institute, 1999) . Exposing inmates of correctional facilities to SHS may be considered cruel and unusual punishment, and has been challenged in the US courts; however, no measurements of SHS concentrations in prisons have been reported earlier in the scientific literature.
By the mid-1990s, several jails had announced plans or enacted at least minimal smoking restrictions (Hernandez, 1995) . A recently published survey of the Departments of Corrections in the 50 US states, the District of Columbia, and the Federal Bureau of Prisons found that only seven had a total ban on smoking, but that 44 limited smoking to some degree (Patrick and Marsh, 2001) ; nevertheless, no outcome data on these restrictions have been published. Although more prisons are beginning to consider smoking bans, there are very few studies available about the process of implementing smoking restrictions in the penal system or their impact on inmates' exposure to SHS. A study of prison directors in all 50 US states revealed a high level of concern about smoking in their facilities (Vaughn and Del Carmen, 1993b) .
In 1992, the Vermont Department of Corrections banned smoking and possession of smoking-related materials in its six correctional facilities. Vermont was the first state to propose a smoking ban in its entire prison system. We measured the concentration of SHS prior to and following implementation of the ban; the samplers collected airborne nicotine, a recognized marker for SHS (Daisey, 1999) . At the request of the Suffolk Superior Court of Massachusetts, which was hearing a lawsuit brought by a nonsmoking inmate concerning his exposures to SHS, SHS samples were collected for 1 week in the summer of 1994 in a Massachusetts Correctional Facility. This paper reports the results of SHS sampling in three correctional facilities, two in Vermont and one in Massachusetts; it also reports the efficacy of the smoking ban in Vermont. Repeated samples were collected in the same locations in Vermont facilities before and after institution of the smoking ban, and the change in SHS concentrations are reported here. The concentrations of SHS measured at the facilities are then compared to levels recognized as hazardous.
Smoking Ban in Vermont Correctional Facilities
In 1991, the Vermont Department of Corrections decided to ban smoking in its six correctional facilities to protect nonsmokers from SHS. Prior to the ban, smoking was allowed throughout the facility with virtually no restriction; after the ban, smoking was not allowed for either inmates or staff anywhere on the correctional facility property, that is, neither inside nor outside the buildings. During the year of preparation, the Department, in collaboration with the Department of Health, studied the health effects of SHS, the legality of a smoking ban, the experience of other correctional facilities in trying to limit smoking, and methods to assist inmates and staff to quit smoking; the Department worked with local prison facility operators to develop policies and plans for implementation of a smoking ban. The smoking ban was announced 6 months prior to the target date, and smoking cessation clinics were developed with the assistance of the Vermont Lung Association; 2 weeks prior to the scheduled start of the smoking ban, the cigarette machines were removed from the facilities.
On July 1, 1992, the smoking ban was officially implemented, and visitors and newly admitted inmates were no longer permitted to bring cigarettes into the facilities. The initial days following implementation were relatively uneventful. Large quantities of candy and vegetable sticks (provided by the prison system in support of the ban) were consumed. The plan was to allow the inmates to use up their stock of cigarettes, so the reduction in SHS exposure was expected to be gradual. Facility administrators were instructed to avoid confrontations around the use of cigarettes in the early stages of the ban. The relative ease with which the ban was implemented was attributed to the preparation and the delicate handling and sensitivity of the correctional officers and other facility staff. During the first several months after the ban had begun, enforcement was slowly increased. Although there was no violence or unrest associated with the ban, a black market for cigarettes quickly developed, with prices ranging between a dollar a drag to $ 40 a pack; the employment of three staff members was terminated for supplying inmates with contraband cigarettes. Prison officials were concerned that the consequences for violating the smoking ban were quite minor, and attempted to develop much stronger disciplinary procedures for infractions such as the possession of cigarettes and matches; however, the Commissioner of the Department of Corrections modified the strict ban in December, 1992, to allow smoking outdoors, although smoking continued to be prohibited officially indoors. This policy allowed the possession of cigarettes and matches and required that the facility superintendents develop plans to insure that inmates had access to the outside in order to smoke if they desired. The effect of the smoking ban in reducing SHS exposures of inmates was evaluated by sampling airborne nicotine at two Vermont Correctional Facilities prior to the ban and twice, 4 and 9 months, after the implementation.
Methods

Facilities Selected in Vermont
Levels of SHS were assessed at two of the six facilities in the Vermont prison system, Facilities A and B, which represented two extremes in the Vermont Prison system. Facility A, where the average length of stay is relatively short (e.g., 40% of inmates are incarcerated less than 4 months), was designed for 85 inmates, but typically housed 225 individuals. Over 4000 men and women pass through this facility each year. Facility B is the most secure facility in the state, and houses inmates with long sentences. The population was more stable; the inmates were more resistant to the smoking ban, and had filed suit in an attempt to stop it.
Design
The initial sampling was conducted at both Vermont facilities in mid-June, 1992 (the cigarette machines were removed half way through this week); follow-up samples were collected in the same locations 4 months later (in October), and again, after increased enforcement the following March, 9 months after the initial sampling and 3 months after modification of the policy to allow outdoor smoking. At Facility B, an unrelated disturbance prevented the October measurement; therefore, measurements were taken there before and 9 months after the smoking restrictions were implemented. SHS was measured in the correctional facilities by placing approximately 40 nicotine samplers at selected locations in each prison and leaving them in place for 1 full week. Clearly, collection of personal samples was not feasible, and there were more practical limitations than in most settings. Samples were placed where they were out of reach of the inmates, for example, inside wire cages for the lights or fire alarms, or high up on the walls. The sampling locations were selected to represent typical areas in which inmates spend their time, and included both the living areas and the central facilities (e.g., library, dining hall, visiting room). Facility A was designed with sleeping rooms lining corridors, and separate common rooms where the TVs were located. Samples were collected both in the common rooms and in the corridors just outside of inmates' cells; these last samples were assumed to reflect the SHS exposures of nonsmoking inmates while in their bunks; however, because the samplers are in the corridor and they are not personal samples, plus the fact that they were out of reach of the inmates, they most probably underestimate actual exposures. Owing to overcrowding, inmates were also housed in a storeroom (female inmates) and in the gymnasium (male inmates); samples were collected in both these locations, as well as in a dorm designated nonsmoking prior to the ban. Facility B was laid out differently: in the main building the cells opened directly into the common room. Samples were collected in the common area, with some samples placed near the doors to the individual cells. Most inmates in Facility B were in this older main building, but some were in smaller, detached, newer buildings (units) that housed inmates who were undergoing more intensive psychological counseling.
Massachusetts Facility
In all, 14 SHS samples were collected for 1 week in the summer of 1994 in two buildings of a Massachusetts Correctional Facility following the protocol applied in Vermont. Three dorm rooms (each housing 8-12 inmates) in Building F were sampled with three samplers each; these rooms had several windows, which were open during much of the sampling. The inmates were allowed to leave the building at will during the day, and most chose to do so during the warm weather. Thus, the SHS concentrations measured would be less than would be expected during the winter, when windows were kept closed and inmates more likely would remain in their rooms. By contrast, Building I was a large, modular building with two large rooms, each of which housed 20-40 inmates, who could not leave these rooms. The windows were quite small and did not open, but the rooms were air-conditioned. Five samples were collected in one of these rooms.
Measurement of SHS
A small, lightweight (16 g) passive nicotine sampler was used to measure exposure to nicotine, which was used as a marker for SHS (Hammond and Leaderer, 1987; Caka et al., 1990; Leaderer and Hammond, 1991) . The sampler consists of a modified 37 mm diameter polystyrene air-sampling cassette containing a support pad and a filter treated with sodium bisulfate that collects nicotine. The nicotine collected was measured by gas chromatography with nitrogen-selective detection. The limit of detection of the analytical method is less than 0.01 mg/sample, and the limit of detection for a 1-week sample is 0.04 mg/m 3 . Five to 10 field blanks were included with each set of samples to check for possible contamination; all field blanks had no detectable nicotine. Nicotine concentrations were calculated by dividing the number of micrograms of nicotine collected by the volume of air sampled (the effective sampling rate was 24 ml/min). The samplers have been found to be valid and reliable, and have been used in a variety of field settings (Coghlin et al., 1989; Mumford et al., 1989; Vaughan and Hammond, 1990; Hammond et al., 1993 Hammond et al., , 1995 Marbury et al., 1993; Emmons et al., 1994) .
Results
SHS Concentrations in Correctional Facilities Which Allow Smoking
A total of 196 samples were successfully collected at the three correctional facilities, 84 of them while smoking was allowed. These samples represent average SHS concentrations (measured as nicotine concentrations) during 1 week. Of these samples, 14 were collected at the Massachusetts facility, 118 at Vermont Facility A, and 64 at Vermont Facility B.
Although Vermont Facility A was newer than Vermont Facility B, the average SHS concentrations were higher in the living areas (bunks and common rooms, excluding the gym) of Facility A (6 mg/m 3 nicotine) than in Facility B (3 mg/m 3 ) prior to the ban (Table 1, Figure 1) . These values may be compared to those in a random selection of homes of smokers, in which the average nicotine concentrations were 2 mg/m 3 (Leaderer and Hammond, 1991) . The nicotine concentrations in the gym were high, 25 mg/m 3 . Such extremely high levels might be suspect; however, the six samples collected in the gym prior to the smoking ban were in close agreement (coefficient of variation ¼ 11%), which indicates that inmates had not tampered with the samples. One of the two samples collected from the women's dorm, the former storeroom, was also high, 19 mg/ m 3 . By contrast, SHS concentrations were much lower prior to the ban, approximately 0.6 mg/m 3 , in the designated nonsmoking dorm. At Facility B, the two smaller, more modern units, had lower levels of SHS (1.3 mg/m 3 ) than did the older main building of the facility (3.4 mg/m 3 ). The SHS concentrations found in the Massachusetts facility (Table 1) were in the same range or somewhat higher than those found in the Vermont facilities. Samples collected in the large, air-conditioned room all reflected very similar concentrations, about 9 mg/m 3 , while the average in the dorm rooms (with open windows) ranged from about 4 to 10 mg/m 3 .
Effect of Smoking Ban on SHS Concentrations in Two Vermont Correctional Facilities
After smoking was banned in the Vermont facilities, 112 samples were collected. Figure 1 illustrates the reduction in SHS concentrations 4 and 9 months after the ban was implemented. The smoking ban had more effect on Facility A, where SHS concentrations fell by 70-80% from the preban levels. Although concentrations fell to half their preban level in the main building of Facility B, little change was seen in the units, where levels were originally the lowest. The most profound impact was seen in the gym at Facility A, where mean levels dropped to less than a tenth of the preban level (Table 1) .
In contrast to the significant drop in SHS concentrations in living areas as a result of the smoking ban, the trends in the central facilities were less clear (Table 1) . While the dining room levels at Facility A originally fell to about a third of preban levels, the concentrations rose 8 months later, under the modified policy, which allowed smoking outdoors, to over four times the preban level. Similarly, the concentrations of SHS in both the learning center and the vocational center were higher after the implementation of the modified policy than before the restrictions. The SHS levels in visiting rooms at both facilities declined more than 85% as a result of the restrictions.
Discussion
Although considerable difficulties might be anticipated in implementing smoking bans in correctional facilities, this has not been the experience in most of those facilities that have implemented bans (Correctional Law Reporter, 1992) . King County Correctional Facility in Seattle implemented a smoking ban in 1988, and did not experience any disruptions, demonstrations, or petitions from inmates (Skolnick, 1990) . Of the 51 US prison systems that instituted policies restricting smoking, only two reported any increased violence, while increased inmate-inmate tensions were reported by 20% (Patrick and Marsh, 2001) . Disturbances seem to be minimized when smoking bans are implemented with careful planning (Vaughn and Del Carmen, 1993b ). An important outcome of smoking bans in correctional facilities relates to inmate health; when the Fairfax (Virginia) County Jail banned smoking, the number of infirmary visits dropped from 2200 to 1600 per month, despite an increase in the jail's population (Belkin, 1990) .
The measurements reported here represent 1-week average exposures, and therefore are not impacted by unusually high Figure 1 . Distribution of nicotine concentrations in areas of three correctional facilities designed to house inmates, and the decrease in concentrations after the smoking ban at Vermont facilities. The level above which the federal government usually controls cancer risk is the de manifestis risk.
or low days. In general, results that are averaged over 24 h, as these were, tend to be lower than short-term concentrations, for example, those measured in restaurants or offices. However, the health effects of such constant, lower-level exposures may be considerable, because they reflect persistent exposure. Note that the cigarette vending machines were removed from the Vermont Correctional Facilities during the week of baseline sampling; therefore, the results reported here may underestimate the true level of exposure before the smoking policy was implemented. Repace and Lowrey (1993) have suggested that the de manifestis risk level may be appropriate for use in determining acceptable levels of SHS exposure. US federal regulatory agencies have almost always acted to reduce risks that exceed the de manifestis level, which is approximately three deaths from lung cancer per 10,000 people exposed (Travis et al. 1990 ). The de manifestis risk for lung cancer caused by SHS was calculated to be 2.3 mg/m 3 of nicotine for 8 h day exposures for 40 years (Repace and Lowrey, 1993) ; an equivalent risk for inmates exposed to SHS 24 h a day, 7 days a week for 10 years, would be 2.2 mg/m 3 . This risk level has been indicated in Figure 1 . All of the Vermont Facility A samples (except the nonsmoking dorm) and all the Massachusetts samples were above the suggested risk level, as were half of the Vermont Facility B samples. To achieve the USEPA goal of less than one in a million risk of lung cancer, SHS in these facilities would have to be reduced to below 0.007 mg/m 3 of nicotine; all samples were above this concentration before and after the ban. Although SHS causes over 10 times as many deaths from heart disease as from lung cancer, no attempt has been made to set a level of SHS to protect from heart disease and other adverse effects of SHS. The adverse cardiovascular effects of SHS do not require years of exposure, but can occur following short exposures (Glantz and Parmley, 2001; Otsuka et al., 2001) .
Compared to concentrations found in the homes of smokers, with a median weekly-average concentration of 1 mg/m 3 (Leaderer and Hammond, 1991) , the levels of SHS in these correctional facilities were high while smoking was unregulated. These three facilities had five very different designs for living areas, and the median weekly-average nicotine concentrations for the areas designed for living ranged between 1 and 9 mg/m 3 . If the small, psychological units, with less inmate density are excluded, the medians were within approximately a factor of 2, between 4.2 and 8.8. The concentrations of SHS measured in these facilities may not be untypical of those in other correctional facilities that allow smoking.
Overcrowding may lead to the use of areas with insufficient ventilation, where SHS may reach extremely high concentrations, as was seen in the bunkrooms placed in the former gymnasium, where nicotine levels were five times the concentrations found in the bunk areas of the same facility.
The modular unit (Building I, with sealed windows), another approach to handling the rapid increase in inmate population, also had higher SHS concentrations (9 mg/m 3 ) than were seen in the other facilities.
Overall, there were large reductions in exposure that accompanied the smoking restrictions. This was particularly true for areas of overcrowding (e.g., gym) or poorly ventilated areas (the storage room). In the case of Facility B, there was less dramatic change in exposure levels as a result of the changed smoking policy; the concentration in the main building dropped in half, but there was little change in the units, which were already the lowest of the living areas measured when smoking was unrestricted. However, although SHS concentrations were reduced significantly, SHS remained above the levels that can present risks to the health of nonsmokers; this may reflect the ineffectiveness of modified smoking restrictions (minimal consequences for its violation as well as allowing smoking outdoors) in eliminating exposure.
The courts will ultimately decide whether inmates have a right to a smoke-free environment. Courts have already ruled that the inmates do not have a constitutional right to smoke in a correctional facility (Vaughn and Del Carmen, 1993a) . In 1993, the United States Supreme Court ruled that ''exposure to unreasonably high levels of SHS may sometimes be cruel and unusual punishment,'' but several issues must be addressed (Vaughn and Del Carmen, 1993a) . The fact that correctional facilities that have implemented smoking restrictions have reported increased violence in only two (less than 4%) of the 52 correctional systems in the US mitigates the concern of possible confrontations related to smoking bans (Patrick and Marsh, 2001) . Despite the contention that cigarettes are a useful way to reward good behavior among inmates, and that a ban on smoking would eliminate this reinforcement, that is not the opinion of correctional officers and prison employees in Vermont; over 60% of these employees supported smoking policies that banned smoking indoors and placed limitations on smoking outdoors (Carpenter et al., 2001) .
Given the mounting evidence that SHS exposure leads to a number of adverse health consequences, and that well-formulated and planned smoking bans in prisons do not have dire consequences, society may choose to afford nonsmoking inmates the same protection from SHS exposure that the rest of the nonsmoking population is enjoying. These results also have implications for other residential settings, such as nursing homes, in-patient psychiatric facilities, and in-patient drug and alcohol rehabilitation facilities. Additional work is needed to determine whether the findings of the present study are relevant for these other settings, and to develop effective policies for reducing nonsmokers' exposure to SHS in other residential facilities.
